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Renal morphological and immunological changes associated with
acute viral hepatitis. Percutaneous renal biopsy was performed
on seven patients with acute viral hepatitis. At the time of biopsy
four were Australia-antigen positive and three were negative. A
slight focal increase in PAS-positive material was present in the
mesangial area in all seven. Immunofluorescent staining of gb-
meruli for immunoglobulins revealed the presence of IgG, 1gM,
IgA, and fll-C as discrete focal nodular deposits. Electron micro-
graphs showed focal basement membrane thickening and de-
position of homogeneous, finely granular, electron dense material;
focal foot process fusion; and endothelial cell degeneration and
hyperplasia. Endothelial cytoplasmic inclusions of closely
packed tubular structures measuring 200 to 280 A and similar
to the "virus-like" particles described in systemic lupus etythe-
matosus were present in all biopsy specimens examined. L. E.
cell preparations and anti-nuclear antibody titers were negative in
all specimens. These findings indicate that some degree of renal
damage, immune complex deposits, and intracellular cytoplasmic
inclusions may be present in patients with acute viral hepatitis.
Modifications morphologiques et immunobogiques rénales
associées a l'hépatite virale aiguë. Sept malades atteints d'hépatite
virale aiguë ont étó soumis a une biopsie rénale per-cutanée.
Au moment de la biopsie quatre d'entre eux avaient une reaction
positive pour l'antigene Australie et les trois autres une reaction
negative. Une augmentation minime et focale du materiel PAS
positif a été observée dans le mésangium dans les sept cas.
L'immunofluorescence des glomérules a révélé Ia presence d'IgG,
d'IgM, d'IgA et de p1-C sous forme de discrets depots nodulaires.
La microscopie electronique a montré un épaississement dé la
membrane basale et le depot d'un materiel dense, homogCne et
finement granulaire; la fusion focale des pieds des podocytes;
une degénérescence et une hyperplasie des cellules endothCliales.
Des inclusions cytoplasmiques endothéliales de structures tubu-
laires rassemblécs, mesurant 200 280 A, semblables aux parti-
cules d'allure virale décrites dans le lupus érythémateux dissé-
mine, existaient dans tous les fragments examines. La recherche
de cellules L. E. et d'anticorps anti nucléaires était negative dans
tous les cas. Ces constatations indiquent qu'un certain degré
d'atteinte rénale, depots d'immuns complexes et inclusions cyto-
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plasmiques, peut être observe chez les malades atteints d'hépatite
virale aiguë.
Renal morphological and functional alterations have
been reported in patients with acute viral hepatitis [1—3].
The kidney biopsy changes observed by light microscopy
are nonspecific and mild. Renal biopsy in twenty patients
studied by Conrad, Schwartz, and Young [1] revealed
diffuse glomerular swelling with focal areas of hypercellu-
larity in ten patients and focal thickening of the basement
membrane in three. Electron microscopic findings have
been similarly non-characteristic. Very fine osmiophilic
granules and amorphous proteinaceous material in the
subendothelial space of the capillary wall and mesangium,
an increase in the amount of mesangial matrix, and thicken-
ing of the basement membrane have been described (2]. In
two cases examined by immunofluorescent techniques
localization of IgG globulin along the basement membrane
was noted [2]. Detailed renal functional studies have not
been performed in patients with acute viral hepatitis.
Where examined, gross renal function, as determined by
serum urea nitrogen and serum creatinine, has been normal
[1]. On the other hand, reduced renal concentrating ability,
proteinuria, hematuria, pyuria, and cylindriuria have been
described [1, 3].
Recently Australia-antigen has been identified in the
blood and urine of patients with viral hepatitis [4, 5].
Furthermore, circulating antigen-antibody aggregates and
deposits of immune complexes in the blood vessel wall of
some patients (6] have been found. Since the morphological
and urinary sediment changes mentioned above may be
found in the glomerubonephritides attributed to the depo-
sition of antigen-antibody complexes, it was thought that
it would be of interest to determine whether such aggregates
are present in the kidneys of patients with viral hepatitis.
Moreover, the possibility that viral hepatitis may produce
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a form of "glomerulonephritis" is of timely interest in view
of the increasing number of viral infections which have
been incriminated in the pathogenesis of renal disease [7].
Methods
Seven patients hospitalized for acute viral hepatitis were
studied. The diagnosis was established by history of known
exposure, observation of the clinical illness, and laboratory
data. The presence of Australia-antigen in all patients was
sought by counterimmunoelectrophoresis [8] using anti-
body obtained from a patient with hemophilia and kindly
supplied by Dr. J. L. Melnick, The patients were hospitali-
zed on the Clinical Research Center of Ben Taub General
Hospital and several 24 hour urine collections were ob-
tained for protein and creatinine determinations at a time
when the patients were afebrile. Urine proteins were
determined by the biuret method of Savory, Pu, and
Sunderman [9]. Endogenous creatinine clearance was
calculated by the standard formula.
Kidney tissue was obtained by percutaneous renal biopsy
on all patients; it was immediately frozen at —70°C and
then stored at —20 °C. For microscopic study, the renal
tissue was cut in four micron sections using a cryostat and
stained with hematoxylin-eosin, periodic acid-Schiff (PAS),
crystal violet, and congo red. For immunohistochemical
study, consecutive fresh frozen sections four microns in
thickness were treated with commercially obtained fluores-
cein-isothiocyanate conjugated goat antisera against human
IgG, 1gM, IgA, and /31-C globulin (Hyland Division,
Travenol Laboratories, Inc., Costa Mesa, California). The
specificity of each antiserum was established by immuno-
electrophoresis. Reactions of immunoglobul in fluorescence
Table 1. Clinical and laboratory data on seven patients withacute viral hepatits a
[Serum]
Patient Age (yr) Australia Bilirubin Glutamic Glutamic Urea Creatinine Creatinine
and Sex Antigen oxalacetic pyruvate nitrogen Clearance
mg/100 ml transaminase transaminase
24 hour
protein
Total Direct units/mi units/mi mg/100 ml mg/lOU ml mi/mm mg/24 hr
1 KZ 47, F + 22.0 10.0 120 140 — — — —
Neg 6.2 3.3 60 15 8 1.0 55 350
2 MW 32, F + 4.9 2.9 1180 I 500 — — — —
+ 5.7 3.9 680 690 8 1.0 77 1720
3 BB 33. M + 12.2 8.2 2500 1500 — — — —
+ 9.3 4.5 180 430 14 1.5 44 960
4CT 48,M + 13.0 4.2 150 320 17 1.2 104 950
Neg 0.4 — 20 11 13 1.3 104 760
5 FMc 25, F Neg 12.1 6.5 2500 1075 — — — 475
Neg 13.9 9.0 2370 1020 6 1.0 110 570
6RM 26,F + 6.4 3.8 1910 — — — — 1040
+ 3.0 1.5 700 — 5 1.2 50 715
7CJ 44,F Neg 1.6 1.2 2160 940 13 1.8 60 520
Neg 1.2 0.5 180 240 — — — 280
a First set of values were obtained on admission, second set was obtained at time of kidney biopsy.
Table 2. Renal biopsy findings in patients with acute viral hepatitis
Electron microscopy




IgG 1gM IgA ft 1-C thickening and Hyperplasia Cytoplasmic
Foot
process
granular deposits inclusions fusion
I KZ c Focal
2 MWd Focal + + + + + + + Focal Moderate + Focal
3 BB Focal + + + + + + + Focal Marked + Focal
4 CT Focal + + + + + + + + Focal Moderate + Minimal
5 FMc Slight + + + + + + + Focal Moderate + Focal
6 RM Focal + + + + + Focal Slight + Focal
7 CJ Minimal — Minimal Normal + Normal
a Refers to increase in PAS-positive material in mesangial area.
b Fluorescence is graded I to 4+ on the basis of intensity and extent of distribution.
Tissue available for light microscopy only.
d No glomeruli present in specimen submitted for immunofluorescent study, grading is for interstitial vessels (see text).
Fig. 1. Immunofluorescent staining for
IgG in a glomerulus from patient 3 (BB)
showing the focal nodular distribution of
immunofluorescence (x 500).
The kidney in acute viral hepatitis 415
were specifically blocked by an unconjugated sample of the
same antiserum obtained from the same source. Specificity
controls included pre-incubation of slides with conjugated
anti-human albumin. Known positive and negative kidney
biopsies were also included as controls and processed with
the same technique at the time that each biopsy specimen
was studied.
For electron microscopic study tissue samples were
immediately fixed in cold buffered glutaraldehyde, post-
fixed in osmium tetroxide, dehydrated in graded series of
ethanol, and embedded in Epon-Araldite. The blocks were
sectioned on an 880 LBK Ultratome, stained with uranyl
Fig. 2. Immunofluorescent staining for
1gM of a glomerulus from same patient
as in Fig. 1; granular immunofluores-
cence is present in the glomerular capil-
lary wall (x 500).
acetate and lead citrate, and studied under a RCA 3 G
electron microscope.
Results
The clinical and laboratory data of the seven patients
studied are shown in Table 1. Twenty-four hour urine
protein excretion ranged from 280 to 1720mg (normal:
150 mg). The increased protein excretion was still present
in patients 4 (CT), 5 (FMc), and 7 (CJ) at a time when they
were anicteric, three, four, and one month after the onset
of their disease, respectively. Proteinuria returned to normal
(67 mg/24 hr) in patient 7 (CJ) three months later. Endo-
"
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genous creatinine clearance was decreased in four of the
patients; blood urea nitrogen and plasma creatinine
concentrations, however, were within normal limits.
Light microscopy. The histological changes were of very
minor degree. The only apparent change was a minimal
focal increase in PAS-positive material in the mesangial
area. A slight degree of focal glomerular hypercellularity
was present in one biopsy specimen (patient 2, MW). The
tubu'ar epithelial cells, interstitium, and blood vessels
appeared essentially normal in all seven biopsy specimens
examined. No inflammatory changes such as those seen in
the liver and gut in hepatitis were present in the renal biopsy
specimens examined.
Immunofluorescence studies. The results of immunofluo-
rescent staining for bound immunoglubulins and comple-
ment in renal glomeruli are summarized in Table 2. Only
five of the kidney specimens used for immunohistochemical
study contained glomeruli. Four of these showed focal
deposits of IgG, 1gM, IgA, and /31-C present in the capillary
loops in a lumpy, granular, and nodular distribution
Fig. 3. Electron micrograph of a glomerular capillary showing electron dense deposits in the basement membrane (closed arrows) and
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(Figs. 1, 2). In patient 7 (CJ) the deposition of immuno-
globulins was equivocal. In patient 2 (MW) no glomeruli
were present in the tissue available for immunofluorescent
evaluation. In this patient, as well as in all the kidney
biopsy specimens studied, the peritubular small blood
vessels also showed positive immunofluorescent deposits
similar to those seen in the glomerular capillaries.
Electron microscopy. All six biopsies examined by electron
microscopy showed evidence of some ultrastructural
abnormality in the glomeruli. This was characterized by
focal basement membrane thickening and the presence of
homogeneous, finely granular, electron dense material
more accentuated in the mesangium and involving the
endothelial aspect of the contiguous basement membrane
(Fig. 3). There was moderate and focal fusion of the foot
processes of the epithelial cells immediately subjacent to the
areas of basement membrane thickening (Fig. 3). Endo-
thelial cell degeneration and hyperplasia were present in
five. Clusters of electron dense filamentous cytoplasmic
inclusions were found in the endothelial cells of all six
kidney biopsies examined. The inclusions consisted of
closely packed interwoven tubular structures of varying
length measuring 200 to 280 A in outer diameter. These
were surrounded by a single electron dense membrane and
were present in the endothelial cell cytoplasm only (Figs. 4,
5). The focal deposits and tubular structures were not found
in normal renal biopsy specimens prepared by the same
method. Three (patients 2, 3, and 6) of the six patients
demonstrating these particles were Australia-antigen posi-
tive at the time of biopsy. Another (patient 4) had a positive
reaction initially which had become negative at the time of
Fig. 4. Portion of a glomerular capillary loop
showing focal thickening of basement mem-
brane (small arrow), fusion of the epithelial
cell foot processes (open arrow), and the cyto-
plasmic inclusion in an endothelial cell (arro-
whead) (approximately x 24,000).
biopsy. The remaining two (patients 5 and 7) were each
negative on two separate occasions. All biopsied patients
exhibited negative tests for antinuclear antibodies and
L. E. cells. Serum complement (fll-C) was obtained in
patients 2 and 7 and was normal.
Discussion
Structural changes were present in the kidneys of all
seven patients with acute viral hepatitis studied by renal
biopsy. These changes consisted of alteration in the glome-
rular basement membrane and the presence of immuno-
globulin deposits. Although similar changes have been
previously reported (1—3), three new observations have
been made in the present study: 1) the presence of intra-
cellular "virus-like" particles in the glomerular capillary
endothelial cells; 2) focal deposition of 1gM, IgA, and
fll-C in addition to IgG in the capillary loops of the glome-
ruli; and 3) the presence of these abnormalities in both
Australia-antigen positive and negative hepatitis.
Staining of glomeruli for immunoglobulins revealed the
presence of IgG, 1gM, IgA, and P1-C as discrete focal
nodular or granular deposits, both in Australia-antigen
positive and negative patients. As observed in experimental
models, granular and nodular deposits are suggestive of the
deposition of circulating antigen-antibody complexes on the
glomerular basement membrane (10]. Circulating antigen-
antibody complexes where the antigen has been shown to
be the virus have been demonstrated in patients with viral
hepatitis [6], and they could be the source of the immuno-
globulin deposition. Alternatively, tissue injury secondary
to virus invasion could liberate cellular components which,
following denaturation, may become antigenic with the
production of tissue-reactive immunoglobulins [11]. The
complexes formed thereof are then trapped in the glomeru-
lus and would be detected by immunofluorescence. Finally,
the virus, by causing renal glomerular capillary injury,
could initiate an immune process directed against the capil-
lary vascular wall and explain in part the observed immuno-
globulin deposits; however, linear rather than granular
deposits would be seen if this were the case [101.
Of special interest in this study are the cytoplasmic
inclusions of interwoven microtubular structures present
in the endothelial cells of all six biopsy specimens studied
by electron microscopy. These are quite similar in size and
shape to the cytoplasmic "virus-like" structures described
in previous reports [12—14]. While similar endothelial
418 Eknoyan et a!
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cytoplasmic structures have been identified in other experi-
mental and clinical conditions [15, 16], they are most fre-
quent in renal biopsy specimens obtained from patients
with systemic lupus erythematosus [12—14]. It is note-
worthy in this regard that in a report of 76 patients with
systemic lupus erythematosus, 19 were shown to have
Australia-antigen by microcomplement fixation in dilutions
up to 1:256 [17]. Australia-antigen is thought to represent
only a fragment of the hepatitis virus. If the same or a
similar antigenic component were liberated by other viruses
such as the one that may be associated with lupus erythe-
matosus, it might be possible to explain the presence of
cytoplasmic inclusions, basement membrane thickening,
and immunoglobulin deposits in both hepatitis and lupus
erythematosus. This could also explain the high incidence
of Australia-antigen detected in patients with S. L. E. [17].
It should be emphasized, however, that to date the evidence
for a viral nature of the cytoplasmic inclusions is only
morphologic and that unless immunologically identified
and cultured, their origin remains undefined. Indeed, it is
quite possible that these microtubular structures represent
an alteration of intracellular organelles or of the endoplas-
mic reticulum in response to cellular injury.
Reduction in endogenous creatinine clearance was
present in some of the patients, and together with the prote-
inuria and morphological alterations present in all the
patients studied, indicates renal damage. While the changes
observed were nonspecific and mild, they could possibly
initiate a chronic process and result in more serious im-
pairment of renal function in some patients. Conrad et al
[1J failed to show histologic abnormalities in five kidney
biopsy specimens obtained one year after onset of hepatitis.
On the other hand, the nephrotic syndrome and severe
impairment in renal function have been reported in patients
with Australia-antigen positive chronic hepatitis [18, 19].
These patients had membranoproliferative changes by
light microscopy in contrast to the minimal changes
observed by us. In view of the above evidence, it is not
unreasonable to speculate that some cases of chronic
glomerulonephritis may have had their origin in acute
viral illnesses. Obviously, the limited number of studied
patients and the short duration of follow-up do not allow
us to derive any definite conclusions as to the long-term
prognosis in viral hepatitis.
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